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Abstract
Background: To investigate the possible association of the Klotho G-395A polymorphism and metabolic syndrome
(MetS) among a population of Chinese nonagenarians and centenarians.
Methods: Subjects were from the Project of Longevity and Aging in Dujiangyan (PLAD). The genotyping of
G-395A (rs1207568) in the promoter region of the Klotho gene was performed using the TaqMan allelic
discrimination assay. MetS was diagnosed according to the International Diabetes Federation criteria.
Results: We included 695 subjects aged 93.5 ± 3.2 years. G and A allele frequencies were 0.852 and 0.148, respectively. In
the whole population, the frequency of MetS was 10.8 % and 5.9 % in the GG and GA + AA genotype group, respectively
(p = 0.004). The -395A allele carriers had significantly lower risk of MetS in the whole population (odd ratio [OR] 0.50, 95 %
confidential interval [CI] 0.25 to 0.98) and in women (OR 0.51, 95 % CI 0.24 to 0.97), but not in men (OR 0.42, 95 % CI
0.05 to 3.85). In the whole population and women, the relationship between the Klotho G-395A SNP and MetS
might due to its influence on high blood pressure (OR 0.48, 95 % CI 0.34 to 0.67; OR 0.47, 95 % CI 0.31 to 0.71,
respectively) and hypertriglyceridemia (OR 0.66, 95 % CI 0.39 to 0.95; OR 0.54, 95 % CI 0.31 to 0.98, respectively).
In men, this relationship might due to its influence on high blood pressure (OR 0.47, 95 % CI 0.25 to 0.90) and
low HDL-C (OR 0.69, 95 % CI 0.27 to 0.93).
Conclusions: The -395A allele carriers of the Klotho gene were correlated with lower risk of MetS among Chinese
nonagenarians and centenarians, especially in women.
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Background
Metabolic syndrome (MetS), a cluster of cardiometabolic
risk factors including abdominal obesity, hyperglycemia,
dyslipidemia and hypertension, increases with aging [1].
In elderly adults, MetS not only increases the risk of car-
diovascular diseases and type 2 diabetes [2], but also is
associated with cognitive decline [3] and disability [1].
Current evidence suggests that MetS is partly heritable,
and genetic factors plays a greater role than environment
factors on the incidence of MetS [4, 5]. Single nucleotide
polymorphism (SNP) is one of the most active research
fields of genetic researches. A recent systematic review
found that eight SNPs in six genes (GNB3, TCF7L2,
APOA5, APOC3, APOE, and CETP) were associated
with MetS [6].
Klotho gene is an aging associated gene discovered by
Kuro-o et al. during the development of hypertensive
transgenic mice models [7]. Since then, more than 10
SNPs in the human Klotho gene have been identified
[8], among which, the G-395A (rs1207568) SNP in the
promoter region of Klotho gene was related to hyperten-
sion [9] or high systolic blood pressure 10 in previous
studies [10] in previous studies. In addition, Shimoyama
and colleagues found that the Klotho G-395A SNP was
related to lipid metabolism in men and glucose metabol-
ism in women among Japanese health subjects [11]. The
same research team also found that the Klotho G-395A
SNP was associated with low levels of low-density
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lipoprotein cholesterol (LDL-C) in Japanese hemodialysis
patients [12].
Based on these findings, we speculated that the Klotho
G-395A SNP may be a candidate SNP related to MetS.
In 2005, we performed a cross-sectional study [13, 14]
including 870 Chinese adults aged 90 years and older,
and built a relevant DNA specimen database. Most of
these participants lived in their homeland during their
entire lifetime and were never exposed to immigrants,
which can represent Chinese well. It offered us an op-
portunity to investigate the genetic factors of MetS in
this special population. In this study, we aimed to exam-
ine the possible association between the Klotho G-395A
SNP and MetS among this long-lived population.
Methods
Study subjects
Subjects were from the Project of Longevity and Aging
in Dujiangyan (PLAD) [13, 14], a cross-sectional study
conducted in the rural area of Dujiangyan, a small town
in southwest China, in April 2005. This study was con-
ducted in order to investigate the relationship between
environment, lifestyle and age-related diseases, and lon-
gevity. A total of 1115 adults aged 90 years and older
dwelling in this area were screened, among which, 870
subjects (men: 280 cases; women: 590 cases) agreed to
participant. Trained staff visited all study participants at
their homes or at community centers. Face-to-face inter-
views were performed for data collection. Anthropomet-
ric measurements were performed and biological
specimens were collected by trained staff. Subjects with-
out DNA samples (160 cases) or the results of waist cir-
cumference (4 cases) and high density lipoprotein
cholesterol (HDL-C, 11 cases) were excluded from the
current analyses. As a result, the study population ultim-
ately consisted of 695 subjects (men: 220 cases; women:
475 cases). The Research Ethics Committee of Sichuan
University approved the study protocol. Written in-
formed consent was obtained from all of the participants
or their legal proxies.
Genotyping of the Klotho gene G-395A polymorphism
Genomic DNA was isolated from the whole blood sam-
ples, drawn from antecubital vein, using commercial
DNA isolation kits from QIAGEN (Chatsworth, CA,
USA), according to standard procedures. The genotyp-
ing of G-395A (rs1207568) in the promoter region of
the Klotho gene was performed using the TaqMan al-
lelic discrimination assay as previously reported by
Wang et al. [9].
The following primers and probes (Takara, Dalian,
China) were used:
 Forward primer 5′-TAGGGCCCGGCAGGAT-3′;
 Reverse primer 5’-CCTGGAGCGGCTTCGTC-3’;
 Probe A 5’-(FAM) CCCCAAGTCGGGAAAAGTT
GGTC (TAMRA)-3’;
 Probe G 5’-(HEX) CCCCCAAGTCGGGGAAAGTT
GGTC (TAMRA)-3’.
The PCR reaction was performed in 20 μl reaction vol-
umes containing 10 μl of Premix Ex Taq, 1.5 μl of each
primer, 0.5 μl of probe A, 1 μl of probe G, 1 μl of gen-
omic DNA, and 4.25 μl of sterile double distilled water.
The reaction conditions were as follows: an initial
denaturation step at 95 °C for 30 s, followed by 40 cycles
of denaturation at 95 °C for 5 s, and annealing for 30 s
at 60 °C. The PCR reaction was performed and analyzed
on a Thermal Cycler Dice Real Time System (Takara,
Dalian, China).
In addition, we randomly selected 10 % of the samples
for sequencing in both the forward and reverse direc-
tions to confirm the genotypes of G-395A in the pro-
moter of Klotho gene. The results of the sequencing
were identical to the results of the TaqMan allelic dis-
crimination assay.
Diagnosis of MetS
MetS was diagnosed according to the International Dia-
betes Federation (IDF) criteria [15]: abdominal obesity (for
Chinese people, waist circumference [WC] ≥ 90 cm in
men and ≥ 80 cm in women), combined with any two or
more of the following four factors: 1) fasting plasma glu-
cose (FPG) ≥ 5.6 mmol/L or previously diagnosed type 2
diabetes; 2) systolic blood pressure (SBP) ≥ 130 mm Hg
and/or diastolic blood pressure (DBP) ≥ 85 mm Hg or
currently use of anti-hypertensive agents; 3) HDL-C <
1.29 mmol/L in women and <1.03 mmol/L in men or
specific treatment for this lipid abnormality; 4) trigly-
ceride (TG) ≥ 1.7 mmol/L or specific treatment for this
lipid abnormality.
Measurement of covariates
Body height and weight were measured using a wall-
mounted stadiometer and a digital floor scale to the
nearest 0.1 cm and 0.1 kg, respectively. Body mass
index (BMI) was calculated by dividing body weight in
kilograms by height in squared meters (kg/m2). In
addition, the following information were included in
the analyses: age, gender, and cigarette smoking habits,
alcoholic habits, and exercise habits. Venous blood
samples were collected after an overnight fast to
measure the following biochemistry indicators: FPG,
total cholesterol (TC), TG, HDL-C, LDL-C, and serum
uric acid (SUA).
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Statistical analysis
All of the statistical analyses for this study were per-
formed with SPSS for Windows software package,
version 11.5 (SPSS Inc., Chicago, Illinois, USA). A
two-tailed P <0.05 was considered statistically signifi-
cant. The categorical variables are presented as per-
centage, whereas the continuous data are presented as
the mean ± SD. A Chi-square test was performed to
evaluate the allelic and genotypic frequencies that
were calculated from the observed genotypic counts.
Using Chi-square tests for categorical variables and
one-way ANOVA for continuous variables, character-
istics of subjects were compared between those with
or without MetS and between those with or without
the -395A allele, respectively. Because the prevalence
of MetS was generally higher in women than in men
[16], we reported the results in men and women,
respectively, as well as in the whole population. In
addition, odds ratios (OR) and 95 % confidential inter-
vals (CI) for MetS were determined using binary logis-
tic regression models.
Results
Clinical characteristics of study subjects
Among the 695 subjects for the current analyses, the
mean age was 93.5 ± 3.2 years (range 90–108 years), 475
(68.3 %) were women. MetS was presented in 9.4 % of
the whole population and it was more prevalent in
women (12.2 %) than men (3.2 %) (p < 0.001). There was
a significant difference in the distribution of many clin-
ical parameters between subjects with or without MetS
(Table 1). There were more women in the MetS group
than in the non-MetS group (89.2 % vs. 66.2 %, p <
0.001). The mean values of WC, SBP, DBP, FPG, TG,
LDL-C, SUA, and BMI were significantly higher in sub-
jects with MetS compared to those without MetS,
whereas the mean value of HDL-C was significantly
lower in the MetS group. However, no significant differ-
ence was found between the two groups with respect to
the mean value of TC.
Subgroup analysis showed similar results in women,
except that the mean value of TG were significantly
higher in women with MetS compared with those
Table 1 Characteristics of subjects according to MetS (N = 695)














Age (years) 93.3 ± 3.0 93.6 ± 3.2 0.532 92.7 ± 2.8 93.3 ± 3.1 0.606 93.4 ± 3.1 93.7 ± 3.3 0.505
Women (%) 89.2 66.2 <0.001 - - - - - -
BMI (kg/m2) 22.3 ± 3.3 18.9 ± 3.6 <0.001 23.8 ± 4.5 19.6 ± 3.8 0.004 22.2 ± 3.1 18.6 ± 3.4 <0.001
WC (cm) 87.8 ± 5.2 76.5 ± 7.9 <0.001 92.1 ± 2.5 78.3 ± 7.3 <0.001 87.2 ± 5.2 75.6 ± 8.1 <0.001
SBP (mm Hg) 156 ± 18.2 138 ± 23.3 <0.001 152.9 ± 11.1 137.6 ± 20.3 0.049 156.8 ± 18.9 139.3 ± 24.7 <0.001
DBP (mm Hg) 78.4 ± 15.1 72.0 ± 11.6 <0.001 77.1 ± 7.6 73.1 ± 11.2 0.345 78.5 ± 15.8 71.4 ± 11.7 0.001
FPG (mmol/L) 5.1 ± 2.1 4.4 ± 1.3 <0.001 7.4 ± 2.8 4.5 ± 1.5 <0.001 4.9 ± 1.8 4.3 ± 1.2 0.022
TC (mom/L) 4.5 ± 1.0 4.6 ± 2.0 0.930 4.1 ± 1.1 5.3 ± 2.6 0.874 4.5 ± 1.0 4.2 ± 0.8 <0.001
TG (mmol/L) 2.0 ± 1.1 1.2 ± 0.6 <0.001 1.9 ± 1.0 1.0 ± 0.4 <0.001 2.1 ± 1.2 1.2 ± 0.6 <0.001
LDL-C (mmol/L) 2.6 ± 0.7 2.2 ± 0.6 <0.001 2.5 ± 0.7 2.1 ± 0.5 0.079 2.6 ± 0.7 2.3 ± 0.6 <0.001
HDL-C (mmol/L) 1.4 ± 0.5 1.6 ± 0.8 0.020 1.2 ± 0.3 1.5 ± 0.7 0.179 1.4 ± 0.5 1.7 ± 0.8 0.019
SUA (mmol/L) 342.4 ± 83.4 316.3 ± 88.3 0.023 394.7 ± 31.4 350.9 ± 87.6 0.189 336.0 ± 85.6 298.6 ± 83.4 0.002
Smoking habits* (%) 35.9 43.6 0.237 85.7 69.7 0.361 29.8 30.4 0.934
Alcohol habits** (%) 14.1 27.2 0.022 28.6 39.0 0.576 12.3 21.3 0.113
Exercise habits*** (%) 36.9 41.0 0.524 14.3 42.3 0.139 39.7 40.3 0.920
Klotho G-395A Genotypes
GG (%) 81.5 69.2 0.046 85.7 72.8 0.447 81.0 67.4 0.034
GA (%) 18.5 28.9 14.3 27.2 19.0 29.7
AA (%) 0 1.9 0 0 0 2.9
Abbreviations: BMI body mass index, DBP diastolic blood pressure, FPG fasting plasma glucose, HDL-C high density lipoprotein cholesterol, LDL-C low density
lipoprotein cholesterol, MetS metabolic syndrome, SBP systolic blood pressure, SUA serum uric acid, TC total cholesterol, TG triglyceride, WC
waist circumference
*Indicates those who were a smoker at the time of the interview
**Indicates those who still drank alcohol at least once a day at the time of the interview
***Indicates those who still did some physical exercise at least 3 time per week at the time of the interview
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without MetS. In men, subjects with MetS had signifi-
cantly higher mean values of BMI, WC, SBP, FPG, and
TG compared with those without MetS, but no signifi-
cant difference was observed between the MetS and
non-MetS groups in terms of the mean values of DBP,
TC, H DL-C, LDL-C, and SUA (Table 1).
Incidence of the Klotho G-395A SNP
In the whole population, the genotype frequencies of
the Klotho G-395A SNP were 70.4 % for GG geno-
type (n = 489), 29.5 % for GA genotype (n = 194), and
1.7 % for AA genotype (n = 12). These frequencies
were in compliance with the Hardy-Weinberg equilib-
rium (X2 = 2.14; p = 0.14). G and A allele frequencies
were 0.852 and 0.148, respectively. Incidence of each
genotype of the Klotho G-395A SNP according to
MetS and gender is shown in Table 1. The distribu-
tion of the Klotho G-395A genotypes was significantly
different between the MetS and non-MetS groups in
the whole population and in women, but not in men.
The Klotho G-395A SNP and MetS
The characteristics of subjects according to the Klotho
G-395A SNP was shown in Table 2. In the whole popu-
lation, the frequency of MetS was 10.8 % in the GG
genotype group and 5.9 % in the GA + AA genotype
group (p = 0.004), and the result of logistic regression in-
dicated that the -395A allele carriers had significantly
lower risk of MetS after adjusting for age, gender, smok-
ing habits, alcohol habits, exercise habits, BMI, and SUA
(OR 0.50, 95 % CI 0.25 to 0.98) (Table 3).
In women, the frequencies of MetS were 14.3 %
and 7.5 % in the GG and GA + AA groups, respect-
ively (p = 0.038). The result of logistic regression
showed that the -395A allele carriers had significantly
lower risk of MetS after adjusting for relevant con-
founders (OR 0.51, 95 % CI 0.24 to 0.97) (Table 3).
In men, the frequencies of MetS were 3.7 % and 1.7 %
in the GG and GA +AA groups, but the difference was
not statistically significant (p = 0.447). Logistic regression
analysis failed to find a significantly association between
the Klotho G-395A SNP and MetS adjusting for relevant
confounders (OR 0.42, 95 % CI 0.05 to 3.85) (Table 3).
The Klotho G-395A SNP and components of MetS
In the whole population, the -395A allele carriers,
compared with the control subjects, had significantly
lower frequencies of high blood pressure (49.8 % vs.
66.3 %, p < 0.001) and hypertriglyceridemia (11.7 % vs.
19.2 %, p = 0.017). There was no significant associ-
ation of the Klotho G-395A SNP with abdominal
obesity, Low HDL-C, and high FPG (Table 2). After
adjusting for relevant confounders, logistic regression
analysis revealed that the Klotho G-395A SNP was
significantly associated with high blood pressure (OR
Table 2 Characteristics of subjects according to the klotho G-395A polymorphism (N = 695)

















Age (years) 93.6 ± 3.3 93.2 ± 2.9 0.074 93.4 ± 3.2 93.2 ± 3.0 0.679 93.8 ± 3.4 93.2 ± 2.9 0.073
Women (%) 67.1 71.2 0.292 - - - - - -
BMI (kg/m2) 19.2 ± 3.8 19.4 ± 3.3 0.727 19.6 ± 4.1 20.0 ± 3.1 0.505 19.1 ± 3.6 19.1 ± 3.4 0.952
Smoking habits* 45.0 37.9 0.089 71.2 67.2 0.568 32.1 26.2 0.198
Alcohol habits** 25.5 27.2 0.645 42.1 29.3 0.086 17.4 26.4 0.026
Exercise habits*** 41.2 39.3 0.652 42.0 39.7 0.753 40.7 39.2 0.748
SUA (mmol/L) 318.8 ± 87.5 318.7 ± 89.9 0.998 346.1 ± 81.3 369.3 ± 98.6 0.079 305.5 ± 87.4 298.2 ± 77.5 0.387
MetS (%) 10.8 5.9 0.040 3.7 1.7 0.447 14.3 7.5 0.038
Components of MetS
Abdominal obesity (%) 25.5 26.3 0.819 9.3 5.1 0.310 33.4 34.9 0.750
Hypertriglyceridemia (%) 19.2 11.7 0.017 10.2 5.6 0.233 20.7 12.3 0.029
Low HDL-C (%) 16.1 14.1 0.623 9.9 1.7 0.043 19.2 19.7 0.894
High BP (%) 66.3 49.8 <0.001 62.1 45.8 0.030 68.4 51.4 <0.001
High FPG (%) 13.7 17.6 0.188 20.5 22.0 0.804 10.3 15.8 0.094
Abbreviations: BMI body mass index, BP blood pressure, FPG fasting plasma glucose, HDL-C high density lipoprotein cholesterol, MetS metabolic syndrome, SUA
serum uric acid
*Indicates those who were a smoker at the time of the interview
**Indicates those who still drank alcohol at least once a day at the time of the interview
***Indicates those who still did some physical exercise at least 3 time per week at the time of the interview
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0.48, 95 % CI 0.34 to 0.67) and hypertriglyceridemia
(OR 0.66, 95 % CI 0.39 to 0.95) (Table 3).
In women, the −395 allele carriers also had signifi-
cantly lower frequencies of high blood pressure (51.4 %
vs 68.4 %, p < 0.001) and hypertriglyceridemia (12.3 % vs.
20.7, p = 0.029). In addition, the -395A allele carriers had
a trend of higher frequency of high FPG, but it was not
statistically significant (15.8 % vs. 10.3 %, p = 0.094).
After adjusting for relevant confounders, logistic regres-
sion analysis showed that the Klotho G-395A SNP was
significantly associated with high blood pressure (OR
0.47, 95 % CI 0.31 to 0.71) and hypertriglyceridemia (OR
0.54, 95 % CI 0.31 to 0.98) (Table 3).
In men, the −395 allele carriers had significantly
lower frequencies of high blood pressure (45.8 % vs
62.1 %, p = 0.030) and low HDL-C (1.7 % vs. 9.9 %).
After adjusting for relevant confounders, logistic re-
gression analysis showed that the Klotho G-395A SNP
was significantly associated with high blood pressure
(OR 0.47, 95 % CI 0.25 to 0.90) and low HDL-C (OR
0.69, 95 % CI 0.27 to 0.93) (Table 3).
Discussion
To the best of our knowledge, this is the first study to
investigate the relationship between the Klotho G-395A
SNP and MetS. The results of this study indicated that
the -395A allele carriers of the Klotho gene were related
to lower risk of MetS among Chinese nonagenarians and
centenarians, especially in women. The association of
the Klotho G-395A SNP with MetS could be linked to
its observed influence on high blood pressure in both
men and women, and hypertriglyceridemia in women.
These findings were supported by previous studies
which demonstrated that Klotho gene had an impact on
multiple aspects of MetS including blood pressure, lipid
metabolism and insulin resistance in different popula-
tions [11, 12, 17].
The association of the Klotho variant with the meta-
bolic syndrome could be linked to its observed influence
on high blood glucose, high blood pressure, insulin re-
sistance, hypertriglyceridemia and endothelial function
[17, 18]. The potential involvement of SNP G-395A in
KLOTHO gene function and pathogenesis of the meta-
bolic syndrome and these components remains specula-
tive. Previous studies reported G-395A can influence the
affinity of binding transcription factors, G-395A has
strong Linkage Disequilibrium with other SNP and other
gene (PPAR-γ), which could also act as a surrogate for
other functional variant(s) nearby (such as G110C,
C1818T and C2298T) [9, 17, 19, 20]. Furthermore, a pre-
vious study indicated that the G-395A SNP in the pro-
moter region of Klotho gene might influence the
function of Klotho gene by upregulating its expression
and the Klotho protein may function as a humoral factor
[9]. Thus, we speculated that the up-regulation of Klotho
expression and functional link with other gene could
also explain the observed association between the G-
395A and the metabolic syndrome.
The minor allele frequency (MAF), the frequency of
the -395A allele in this study, was 0.148. In previous
studies, the MAF of the Klotho G-395A SNP were
0.191 in a Chinese Han population [9], from 0.155 to
0.171 in Korean populations [10] [21], from 0.128 to
0.168 in Japanese populations [11, 19], and 0.277 in a
Turkish population [22]. Our finding was similar with
the results of those studies conducted in East Asian
populations, but inconsistent with the Turkish study
[22]. One possible reason was the MAF of the Klotho
G-395A SNP varied across ethnic populations. In
addition, we did not identify the AA genotype in our
population, whereas it varied from 1.7 % to 5.9 % in
Table 3 Estimate of the effect of klotho G-392A polymorphism on MetS and its components with logistic regression
MetS Components of MetS
Abdominal obesity Hypertriglyceridemia Low HDL-C High BP High FPG
Total
GG genotype, ORa (95 % CI) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
GA + AA genotype, ORa (95 % CI) 0.50 (0.25, 0.98) 0.95 (0.60, 1.49) 0.66 (0.39, 0.95) 0.84 (0.51, 1.37) 0.48 (0.34, 0.67) 1.47 (0.93, 2.31)
Men
GG genotype, ORb (95 % CI) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
GA + AA genotype, ORb (95 % CI) 0.42 (0.05, 3.85) 0.36 (0.16, 1.89) 1.66 (0.47, 5.80) 0.69 (0.27, 0.93) 0.47 (0.25, 0.90) 1.00 (0.47, 2.12)
Women
GG genotype, ORb (95 % CI) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
GA + AA genotype, ORb (95 % CI) 0.51 (0.24, 0.97) 1.06 (0.66, 1.71) 0.54 (0.31, 0.98) 0.99 (0.58, 1.68) 0.47 (0.31, 0.71) 1.93 (0.96, 3.51)
Abbreviations: BMI body mass index, BP blood pressure, FPG fasting plasma glucose, HDL-C high density lipoprotein cholesterol, MetS metabolic syndrome, SUA
serum uric acid
aAdjusted for age, gender, smoking habits, alcohol habits, exercise habits, BMI, and SUA
bAdjusted for age, smoking habits, alcohol habits, exercise habits, BMI and SUA
Luo et al. BMC Geriatrics  (2016) 16:46 Page 5 of 7
previous studies [10, 11, 21, 22]. The survival effect
might account for this result as only nonagenarians
and centenarians were included in this study.
In our study, the frequency of high blood pressure (de-
fined as SBP ≥ 130 mm Hg and/or DBP ≥ 85 mm Hg)
was significantly lower in the -395A allele carriers than
the non-carriers among both men and women. Another
Chinese study found similar results in women but not in
men [9]. On the contrary, Rhee and colleague found that
the mean SBP was significantly higher in the -395A
allele carriers in health Korean women [10]. In addition,
Shimoyama and colleagues reported no significant differ-
ence in the mean SBP between the -395A carriers and
the non-carriers in healthy Japanese subjects [11]. Put-
ting all these findings together, we may speculate that
the association between blood pressure and the Klotho
G-395A SNP varies in different ethnic populations.
The reason of the gender difference in the association
of the Klotho G-395A SNP with lipid metabolism in this
study remains unclear. Shimoyama et al. also found
gender difference in the association between the Klotho
G-395A SNP and lipid metabolism in Japanese people.
The possible reason may be the gender-based difference
in free radical homeostasis maintenance [23]. The
Klotho gene has been reported to reduce oxidative stress
by inhibiting the insulin/IGF-1 signaling pathway [8],
whereas oxidative stress appears to be related to lipid
metabolism [24].
It is notable that the prevalence of MetS in our study
(9.4 %) was lower than that reported in other studies
[1, 2]. In most developed countries the prevalence of
MetS is approximately 20 % in the overall population,
and increases with advancing age [1]. In China, a re-
cent study reported that the prevalence of MetS was
18.4 % in adults according to the IDF criteria [25].
One possible reason for the low prevalence of MetS in
our population was that people with MetS were prone
to multiple morbidities and therefore might have low
probability to live to more than ninety. However, to
our knowledge, there was no other study regarding the
prevalence of MetS in long-lived populations. There-
fore, we could not found more evidence to support
this inference.
There is robust evidence that hyperuricemia is associ-
ated with MetS, and some researchers argue that hyper-
uricemia should be considered as a new marker for
MetS [26]. In this study, we found that the mean value
of uric acid was significantly higher in subjects with
MetS compared with those without MetS in all and fe-
male subjects, but the difference was not significant in
men. In addition, we did not find the association be-
tween uric acid and the Klotho G-395A SNP. How-
ever, Shimoyama et al. reported that uric acid was
significantly high in the -395A allele carriers of the
Klotho gene compared with non-carriers in Japanese
hemodialysis patients [12].
This study has some limitations. First, there were 870
subjects in the PLAD study, however, 175 subjects were
excluded in the current analyses because of missing es-
sential data. The exclusion of participants might induce
selection bias. Second, because women generally have a
longer life expectancy than men, a significant gender imbal-
ance existed in our study population. The relatively small
sample size of men (220 cases) reduced the possibility for
detecting the possible association of Klotho G-395A SNP
with MetS and its components and some conclusion may
biased by the small sample size. Third, we only included
the very old people in this study (90 or older), there might
be survival bias. However, this is inherent to a study of indi-
viduals of this age-group. In conclusion, the Klotho G-
395A SNP is associated with MetS in very elderly people,
especially in women. This association could be linked to its
influence on blood pressure and lipid metabolism. Further
cross-sectional and longitudinal studies with larger sample
size are warranted to investigate this association in different
ethnic populations.
Conclusion
The results of this study indicates that the -395A allele
carriers of the Klotho gene are correlated with lower risk
of MetS in a sample of Chinese nonagenarians and cen-
tenarians, especially in women. This relationship needs
to be further investigated in the future.
Ethics approval and consent to participate
The study protocol was approved by the Research Ethics
Committee of Sichuan University. Written informed




Availability of data and materials
The anonymized genetic dataset supporting the conclu-
sions of this article is included within the article and its
Additional file 1. The other data in this study will not be
shared because many information are from local govern-
ment and medical records, we are not allowed to share
these data due to the privacy policy.
Additional file
Additional file 1: the SNP data of the study population. (XLS 36 kb)
Abbreviations
MetS: Metabolic syndrome; PLAD: the Project of Longevity and Aging in
Dujiangyan; OR: Odd ratio; CI: Confidential interval; SNP: Single nucleotide
Luo et al. BMC Geriatrics  (2016) 16:46 Page 6 of 7
polymorphism; LDL-C: Low density lipoprotein cholesterol; HDL-C: High
density lipoprotein cholesterol; IDF: the International diabetes federation;
WC: Waist circumference; FPG: Asting plasma glucose; SBP: Systolic blood
pressure; DBP: Diastolic blood pressure; TG: Triglyceride; BMI: Body mass
index; TC: Total cholesterol; SUA: Serum uric acid; MAF: The minor allele
frequency.
Competing interests
No author of this paper has any competing interests with this study.
Authors’ contributions
LL carried out the molecular genetic studies, performed some of the
statistical analysis and drafted the manuscript. QH participated in some part
of the study and drafted the manuscript and revised it (contributed equally
with LL to this work). BD participated in the design of the study. MY
conceived of the study, participated in its design and coordination,
performed the statistical analysis and revised the manuscript. All authors
read and approved the final manuscript.
Authors’ information
All The authors are staff in The Center of Gerontology and Geriatrics, West
China Hospital, Sichuan University, China.
Acknowledgments
The authors appreciate the staff of the department of Geriatrics, Dujiangyan
Hospital; and all participants, as well as their legal proxies, for their great
contributions.
Funding
This work was supported by the project of Science and technology Bureau
of Sichuan Province (2006Z09-006-4) and the Cadres health care committee
of Sichuan Province Health Department (2012-GANJIANBAN-7). The sponsor
has no role in the design, methods, data collection, analysis and preparation
of this paper.
Received: 14 September 2015 Accepted: 4 February 2016
References
1. Lechleitner M. Obesity and the metabolic syndrome in the elderly–a mini-
review. Gerontology. 2008;54(5):253–9.
2. Balkau B, Valensi P, Eschwege E, Slama G. A review of the metabolic
syndrome. Diabetes Metab. 2007;33(6):405–13.
3. Yaffe K. Metabolic syndrome and cognitive disorders: is the sum greater
than its parts? Alzheimer Dis Assoc Disord. 2007;21(2):167–71.
4. Vattikuti S, Guo J, Chow CC. Heritability and genetic correlations explained
by common SNPs for metabolic syndrome traits. PLoS Genet. 2012;8(3):
e1002637.
5. Gharipour M, Sadeghi M. Pivotal role of microRNA-33 in metabolic
syndrome: A systematic review. ARYA Atheroscler. 2013;9(6):372–6.
6. Povel CM, Boer JM, Reiling E, Feskens EJ. Genetic variants and the metabolic
syndrome: a systematic review. Obes Rev. 2011;12(11):952–67.
7. Kuro-o M, Hanaoka K, Hiroi Y, Noguchi T, Fujimori Y, Takewaki S, Hayasaka M,
Katoh H, Miyagishi A, Nagai R et al. Salt-sensitive hypertension in transgenic
mice overexpressing Na(+)-proton exchanger. Circ Res. 1995;76(1):148–53.
8. Wang Y, Sun Z. Current understanding of klotho. Ageing Res Rev.
2009;8(1):43–51.
9. Wang HL, Xu Q, Wang Z, Zhang YH, Si LY, Li XJ, Yang QH, Xiao H. A
potential regulatory single nucleotide polymorphism in the promoter of the
Klotho gene may be associated with essential hypertension in the Chinese
Han population. Clin Chim Acta. 2010;411(5–6):386–90.
10. Rhee EJ, Oh KW, Yun EJ, Jung CH, Lee WY, Kim SW, Baek KH, Kang MI, Park
SW. Relationship between polymorphisms G395A in promoter and C1818T
in exon 4 of the KLOTHO gene with glucose metabolism and cardiovascular
risk factors in Korean women. J Endocrinol Investig. 2006;29(7):613–8.
11. Shimoyama Y, Nishio K, Hamajima N, Niwa T. KLOTHO gene polymorphisms
G-395A and C1818T are associated with lipid and glucose metabolism,
bone mineral density and systolic blood pressure in Japanese healthy
subjects. Clin Chim Acta. 2009;406(1–2):134–8.
12. Shimoyama Y, Taki K, Mitsuda Y, Tsuruta Y, Hamajima N, Niwa T. KLOTHO
gene polymorphisms G-395A and C1818T are associated with low-density
lipoprotein cholesterol and uric acid in Japanese hemodialysis patients. Am
J Nephrol. 2009;30(4):383–8.
13. Yue JR, Dong BR, Huang CQ, Lu ZC, Wu HM, Zhang YL. Pro12Ala
polymorphism in PPAR-gamma2 and dementia in Chinese nonagenarians/
centenarians. Age (Dordr). 2010;32(3):397–404.
14. Yue JR, Huang CQ, Dong BR. Association of serum uric acid with body mass
index among long-lived Chinese. Exp Gerontol. 2012;47(8):595–600.
15. Lu YH, Lu JM, Wang SY, Li CL, Liu LS, Zheng RP, Tian H, Wang XL, Yang LJ,
Zhang YQ et al. Comparison of the diagnostic criteria of metabolic syndrome
by International Diabetes Federation and that by Chinese Medical Association
Diabetes Branch. Zhonghua Yi Xue Za Zhi. 2006;86(6):386–9.
16. Beigh SH, Jain S. Prevalence of metabolic syndrome and gender differences.
Bioinformation. 2012;8(13):613–6.
17. Majumdar V, Christopher R. Association of exonic variants of Klotho with
metabolic syndrome in Asian Indians. Clin Chim Acta. 2011;412(11–12):1116–21.
18. Saito Y, Nakamura T, Ohyama Y, Suzuki T, Iida A, Shiraki-Iida T, Kuro-o M,
Nabeshima Y, Kurabayashi M, Nagai R. In vivo klotho gene delivery protects
against endothelial dysfunction in multiple risk factor syndrome. Biochem
Biophys Res Commun. 2000;276(2):767–72.
19. Kawano K, Ogata N, Chiano M, Molloy H, Kleyn P, Spector TD, Uchida M, Hosoi T,
Suzuki T, Orimo H et al. Klotho gene polymorphisms associated with bone
density of aged postmenopausal women. J Bone Miner Res. 2002;17(10):1744–51.
20. Zhang F, Zhai G, Kato BS, Hart DJ, Hunter D, Spector TD, Ahmadi KR.
Association between KLOTHO gene and hand osteoarthritis in a female
Caucasian population. Osteoarthritis Cartilage. 2007;15(6):624–9.
21. Kim Y, Jeong SJ, Lee HS, Kim EJ, Song YR, Kim SG, Oh JE, Lee YK, Seo JW,
Yoon JW et al. Polymorphism in the promoter region of the klotho gene
(G-395A) is associated with early dysfunction in vascular access in
hemodialysis patients. Korean J Intern Med. 2008;23(4):201–7.
22. Telci D, Dogan AU, Ozbek E, Polat EC, Simsek A, Cakir SS, Yeloglu HO, Sahin
F. KLOTHO gene polymorphism of G395A is associated with kidney stones.
Am J Nephrol. 2011;33(4):337–43.
23. Ali SS, Xiong C, Lucero J, Behrens MM, Dugan LL, Quick KL. Gender
differences in free radical homeostasis during aging: shorter-lived female
C57BL6 mice have increased oxidative stress. Aging Cell. 2006;5(6):565–74.
24. Sekiya M, Hiraishi A, Touyama M, Sakamoto K. Oxidative stress induced lipid
accumulation via SREBP1c activation in HepG2 cells. Biochem Biophys Res
Commun. 2008;375(4):602–7.
25. Xi B, He D, Hu Y, Zhou D. Prevalence of metabolic syndrome and its
influencing factors among the Chinese adults: the China Health and
Nutrition Survey in 2009. Prev Med. 2013;57(6):867–71.
26. Billiet L, Doaty S, Katz JD, Velasquez MT. Review of Hyperuricemia as New
Marker for Metabolic Syndrome. ISRN rheumatology. 2014;2014:852954.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Luo et al. BMC Geriatrics  (2016) 16:46 Page 7 of 7
